Aims: To analyze the profile of patients with Type 1 Diabete Mellitus (T1DM) and Type 2 Diabetes Mellitus (T2DM) fasting during Ramadan.
Introduction
Fasting Ramadan is a pillar of Islam. Healthy adult Muslim must refrain from drinking and eating from dawn to sunset of everyday of this month. However there are no restriction on food or fluid intake between sunset and dawn. Sick persons, travelers and pregnant women are exempted from this duty [1] . In fact, Muslims with diabetes and other chronic diseases are exempted from fasting, where fasting may lead to harmful consequences. Nevertheless, many patients insist on participating in Ramadan fasting [1] . It is estimated that around 40 to 50 million of individuals with diabetes worldwide fast during Ramadan [1, 2] . The population based-Epidemiology Of Diabetes And Ramadan 1422/2001 (EPIDIAR) study conducted in13 Islamic countries revealed that 43% of patients with type 1diabetes and 79% of patients with type 2 diabetes fast during Ramadan [1, 2] .
Since the publication of the EPIDIAR study in 2004, several reports on the safety, benefits and challenges of fasting in diabetes subjects have been published.
The aim of the current study is to identify the profile of type 1 and 2 diabetic patients deciding to fast during Ramadan. Secondly, to identify the current pattern of care of type 1 and type 2 diabetic patients by their treating physicians Thirdly, to assess the outcomes of these patients, calories and liquid intake and the medical metabolic disorders occurring during the fasting period compared to non-fasting period years were included to this study. These patients were treated by either insulin or Oral Anti-Diabetic Drug (OAD) or both. Pregnant and nursing women as well as those over the age of procreation without taking contraceptive pills were excluded from this study. Besides, patients who refused the consent of the use of the data or those who participated simultaneously in another clinical study.
Recruited patients were followed according to an observational survey during around one hundred days . This survey consists of three periods, first, the inclusion period, planned one day to thirty days before the beginning of Ramadan (Visit 1). The second period is defined between 12 and 18 days after the beginning of Ramadan (visit 2). The last period was the period of "follow-up" consisting of two visits, one three to seven days after the end of Ramadan (visit 3) and another 30 to 40 days after the end of Ramadan (visit 4).
During V1, the following information was collected: age, sex, history of diabetes and related complications, weight, height, blood pressure and medication use; last measure of HbA1c, fasting blood glucose, total cholesterol, low density lipoprotein cholesterol, high density lipoprotein cholesterol, triglycerides and the level of creatinine was recorded.
Estimation of previous Ramadan evolution was made (duration of fast, complications)
At each visit the occurrence of hypoglycemia (blood glucose ≤ 0.5 g/ l), during the night or the day, severe or not) weight changes and blood sugar control were recorded
The data was collected via structured interview supported by a questionnaire .The objective of the interview was to gather socio-demographic data, days of fasting, the reason of interrupting the fast, lifestyle changing during Ramadan, frequency of hypoglycemia and compliance to the dietary instructions.
Dietary intake
T2DM patients recorded in an agenda, their daily dietary intake for three days of the same week chosen for each period of the study.
The dietary inquiry estimated the daily hydric and caloric intake, and mainly the glucose contributions. Thus, the patient answered on his caloric intakes on the basis of a pre-established list of meals, sweets and drinks. The patient selected the taken food, and specify the quantity according to the reference volume indicated on the questionnaire, by a number or an image.
Statistical Analysis
Data analysis included: The verification of the respect of inclusion and exclusion criteria, the description of the variables to the study relative to socio-demographic and economic history of the patients, medical and surgical history, prescribed treatments, data of the clinical exam and to results of complementary exams, the analysis of the evolution of data relative to clinical exam, biological complementary exams and ECG, observance of diet and lifestyle counseling, occurrence of intercurrent events including hypoglycemic episodes, and modalities of care 
Results

Baseline clinical characteristics
Socio-demographic and economic characteristics ( Medical history of diabetes: T2DM was frequently discovered within a systematic exam (77.8% of the cases vs 48.3% for T1DM), or through complications (16.9% for T2DM and 34.5% for T1DM).The mean diabetes duration is 8.5±7.1 years for T2DM, distribute as follow: <5 years for 37.1% of patients, between five and nine years for 26,0% of patients, between 10 and 19 years for 28.0% of patients and >20 years for 8,9% of them.
The mean age of T2DM discovery is 45.9 ± 9.3 years vs 36.3 ± 12.7 years for T2DM. In the same population, main associated diseases are hypertension (45.6% of type 2 patients' vs 27.6% of T1DM p < 0.05), dyslipidemia (30.2%) and retinopathy (10.1%). Almost 17.3% of T2DM vs 24.1% for T1DM are smokers (cigarettes and/or narghile). Around 54% of patients practice sport, 69% of them follow a diet and 49.7% of them practice selfmonitoring blood glucose.
Physical exam and glycemic control of the patients at V1
The majority of patients have an optimal / normal blood pressure (40.1% of T2DM vs 58.6% of T1DM) or a high normal blood pressure (29.4% vs 20.7% respectively). high systolic blood pressure was noted in 18.6%. The mean weight is 79.5 ± 13.5 kg in T2DM and 77.0 ± 14.1 kg in T1DM. This leads to a mean of BMI at 28.9 ± 5.7 kg/m² and 27.4 ± 5.6kg/ m 2 respectively.
Blood glucose values before the inclusion were normal in 27.1% of type 2 diabetes patients (34.5% for type 1) and 29.7% of T2DM had normal glycate himoglobine (HbA1c) (16.7% for type 1).
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Copyright: © 2016 Mnif, et al. Anti-diabetic therapy: Almost 68% of T2DM patients are treated with OAD alone (33.9% as a bi-therapy, 24.5% as a mono-therapy) In twenty six percent of case insulin is given in association with OAD and 5.8% patients receive insulin as mono-therapy. Globally 52% of the patients received long-acting analogue insulin.
The main OAD prescribed are biguanide (44.6%), sulfonylurea (38.9%), thiazolidinedione (8.7%), alpha-glucosidase inhibitors (4.6%) and glinides (3.1%). In 69 % of cases, concomitant treatments are prescribed (mainly anti-hypertensive, antiplatelet therapy, and lipid-regulating drug therapy). Evolution: The number of type 2 patients who had filled their patient agenda slightly decreased during the second half of Ramadan from 95.7% in V2 to 92.6% in V4 (p = 0.07). The principal reasons of non-filling the agenda are the forgetfulness or the lack of glucometer.
Ramadan 2008 data:
Nine percent of patients didn't attend the V2, 17.6% of patients didn't attend the V3 and 15.8% the V4. For type 2 diabetes patients, the mean systolic blood pressure between V1 and V2 decreased from 130.2 ± 13,5 mmHg to 127.5 ± 13.1 mmHg. During V3 and V4, the systolic pressure increased to reach the level registered during V1. The same trend was observed for the diastolic blood pressure (p = 0.12).
At the beginning of the holy month of Ramadan, the proportion of T2DM patients practicing sport diminished from 53.7% in V1 to 45 % in V2 (p < 0.01).
Diet was abandoned in the end of Ramadan so that the proportion of type 2 patients observing diet decreased from 74.1% in V2 to 70.5% in V4 (p < 0.05).
Interruption of fast was noted in 7.6% of type 2 patients at V2 and 6.8% at V3. The main reasons of fasting interruption are related to the occurrence of hypoglycemic episodes.
For type 1 patients, interruption occurred in 11.1% at V2 and 0% at V3 .Adaptation of treatment occurred mainly at the beginning of Ramadan, at V2, 76.7% of T2DM patients maintain the same treatment. This proportion increased at V3 to 85.7% (V2 vs. V3 p < 0.01). There's no significant variation between V3 and V4 (p = 0.59).
Hypoglycemia episodes: The percentage of type 2 patients presented hypoglycemic events significantly decreased (from 14.8% in V2 to 7.7% in V3 and 6.9% in V4 p < 0.01).
In this population, the mean number of symptomatic hypoglycemic episodes increased from 0.2 episode in V1 to 0.3 in V2 and then stabilized at 0.1 episode in V3 and V4. However, no severe episode ( need hospitalisation) was reported.
For type 1 diabetes, no significant variation neither in percentage of patients nor in number of episode of hypoglycemia was noticed, because of a too small sample size.
Impact of fasting on blood glucose and HbA1c: In type 2 diabetes, the proportion of blood glucose values < 1.26 g/ l passed from 27.1% at V1, to 33.5% at V2, to 35.0% at V3 and then to 30.0% at V4 (V1 vs. V2 p < 0.001).
No significant change in mean value of HbA1c between V1 (8.2%) and V4 (8.1%).
Impact of fasting on patients weight:
The weight of T2DM patients increased in V4 (79.5 ± 13.5 kg in V1 vs 80.3 ± 12.5 kg in V4; p = 0.008).However, no weight variation occurred in type 1 patients group. 
Impact of fasting on nutriment intakes
Contributions in proteins:
Protein intakes were significantly smaller in the second period of Ramadan (v2 76.73, 70.49 v3, v4 76.97 p < 0.001). However, animal protein intake had no significant changes during the three periods , with an average of around 40g/d, and unlike plant proteins whose contributions were significantly smaller in the second period of Ramadan ( v2 36.41 , 31.91 v3 , v4 37.38g/d p < 0.001).
Contributions in fat:
Intakes of total fat were also significantly smaller in the second period of Ramadan (v2 99.99, 92.56 v3, v4 101.45 p < 0.01). This decrease is observed for saturated fat intake as for polyunsaturated fats Mono-unsaturated fatty acids are relatively more consumed, representing approximately 50 % of the total amount of fatty acid. Their contributions were also significantly smaller in the second period of Ramadan (49.23 % v2, v3 46.55 %, 50.01 % v4, p < 0.001).
The cholesterol intake was significantly higher during the second half of Ramadhan (241.76mg/d v2, v3 316.46mg/d , 207.11mg/d v4 p < 0.001).
Contributions minerals , micronutrients and fiber:
Calcium intakes were also significantly smaller in the second period of Ramadan (790.59 v2, v3 739.36, 778.36 v4 p = 0.01). It is the same for the intake of sodium, potassium, phosphorus, iron, folic acid, magnesium and vitamins B and C, but not for the intake and zinc fibers. The main points regarding the Dietary intake.
This study reveals a significant increase in fluid intake, mainly water at the beginning of Ramadan. There was a significant reduction in caloric intake in visit 3 compared to a considerable increase post Ramadan. The supply in carbohydrates are less important during the second period of Ramadan. Whereas contributions in saccharose were significantly more important during the second period as well as after the month of Ramadan The energy intake during Iftar represents more than 90 % of the daily caloric supplies.
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Summary of results
In summary, the largest observational study of fast during the month of Ramadan in Tunisia concerning 533 patients among whom 5.4% was with type 1 diabetes. Almost 38% were managed with insulin and half of them practiced a blood sugar monitoring.
During the first and last period of Ramadan, respectively 7.8 and 6.4 of the patients interrupted their fast temporarily. This study proves that fasting patients changed their life style. In fact, the tendency at the beginning of Ramadan is a decrease in physical activity and caloric intake compared to an increase in fluid ingestion. However, the contributions in saccharose are more important during the second half and after Ramadan. No case of severe or nocturnal hypoglycemia was reported. Approximately 24 % of the patients adapted their treatment at the beginning of Ramadan. Glycemic controlled was sustained even improved at the beginning of Ramadan.
Discussion
Fasting increases the risk of hypoglycemia in patients with diabetes, in part related to potentially impaired counterregulatory responses to low blood glucose [1] . Thus, treatment guidelines recommend that most patients with diabetes should not fast during Ramadan [2, 3] . However, fasting of Ramadan is observed by a large proportion of Muslims with diabetes. So, in the current study, we proposed to identify the impact of Ramadan fasting on food intake, metabolic parameters and anthropometry.
At the best of the authors' knowledge, this study is the first large observational study which was interested in the details of caloric and drink intake in Ramadan by diabetic patients.
The results showed that the practice of fasting without interruption is relatively common in diabetic persons and the majority of them were type 2 diabetic (94, 6%). Concerning this group an individual assessment of the situation for each patient is essential, together with patient education and appropriate adjustment of anti-diabetic therapy. These results are in accordance with other epidemiologic study showing that the majority of patients with type 2 diabetes (78.8%) fasted for at least 15 days during Ramadan [4] . Whereas, according to the other studies, fasting has been uniformly discouraged b by the medical profession for individuals with type 1 diabetes especially those with poor diabetes control because increased risk of hypoglycemia, hyperglycemia and ketoacidosis [5] .
Other interesting result was found in this present study, a slight decrease in plasma glucoses' levels during Ramadan fasting in comparison with period of before fasting. As to HbA1C levels the proportion of normal values did not observe significant variations. These results are in line with other studies showing an amelioration of glycemic control in Ramadan [1, 6] .
Despite slight reduction in the total energy intake, we detected a significant elevation in total weight after fasting. This is in contrast with the literature results, presenting a weight reduction is most often reported and attributed to lower calories intake during Ramadan [7, 8] .
In non-diabetic individuals, fasting is associated with improvement in several homeostatic risk markers for cardiovascular disease, including reduction in plasma triglyceride and Plasma Low Density Lipoprotein (LDL)-cholesterol level, as well as improvement in insulin sensitivity, leptin, adiponectin and High Density Lipoprotein (HDL) cholesterol [2] [3] [4] [5] . Ramadan fasting in non-diabetic individuals is also associated with reduction in plasma homocysteine, D-dimer level, C-Reactive Protein (CRP) and interleuquine 6 and fibrinogen [7, 9] . Similar beneficial effects of fasting have been reported in diabetic individual. In the current study, we found a trend to decrease in total-Cholesterol and increase in HDL-C. Our results are in accordance with studies on the effect of Ramadan fasting on blood lipids have produced variable results. In fact, it was reported that raised concentrations of cholesterol may be related to weight loss during Ramadan fasting [8] . However, others report have found no change, or only decreased levels of cholesterol during fasting [10] . The evidence that an increase in plasma HDL-C occurs after Ramadan fasting is promising [11, 12] .
The strength of our study is the dietary investigation. Our finding showed that total water intake is more important at the beginning of Ramadan compared to the period after Ramadan. The calorie intake was significantly lower during the second period of Ramadan. These results able us to hypothesize that this amelioration is linked with an adaptation of the patients in the fast.
The comparison of the macronutrient consumption before and during Ramadan, revealed a significant decrease in fat, in protein and in glucose intake during the second period of Ramadan. However, saccharose intakes were significantly higher during the period after Ramadan. This is probably connected in the consumption of candies and sweets after ramadan
In our study the complications were dominated by the hypoglycemia, indeed decreased food intake is a well-known risk factor for the development of hypoglycemia [6] . The effect of fasting during Ramadan on rates of hypoglycemia in patients with diabetes is not known with certainty. The largest dataset is the EPIDIAR study, which showed that fasting during Ramadan increased the risk of severe hypoglycemia (defined as hospitalization due to hypoglycemia) 4.7 times in patients with type 1 diabetes and 7.5 times in patients with type 2 diabetes [1] . During the present study no severe hypoglycemia was reported.
In a recent five-country observational study, the overall incidence of symptomatic hypoglycemia was 20% during Ramadan in sulphonylurea-treated Muslims with type 2 diabetes, with a range of 14-26% with the different sulphonylurea agents [9] . In small clinical trials, similar improvement in glycemic control and a greater incidence of hypoglycemia were observed with gliclazide relative to vildagliptin and with glibenclamide relative to repaglinide during Ramadan [10] [11] [12] . Given their widespread use and potential for adverse effects, there is a need for additional clinical studies evaluating the effects of sulphonylurea compared with alternative treatment options in patients who fast during Ramadan.
Sitagliptin, a dipeptidyl peptidase-4 (DPP-4) inhibitor, has been shown to be effective and well tolerated with a low incidence of hypoglycemia in clinical trials up to 2 years in duration [13] . When added to ongoing metformin mono-therapy, the addition of sitagliptin was shown to reduce the incidence of symptomatic hypoglycemia, three to sixfolds, compared with the addition of a sulphonylurea in patients with T2DM [9] .
In our study, we didn't use the DPP4 inhibitors therapy because they were not available in our country in the period of the study. In recent years, exciting new therapies and technologies have positively influenced the management of diabetes. Some of these have been investigated for use during the fasting of Ramadan. The DPP-4 inhibitors vildagliptin and sitagliptin provide an effective and safe therapeutic option during Ramadan, either alone or in combination with metformin or sulfonylureas. The incritinmimetics liraglutide and exenatide are potentially safe therapies during Ramadan, but as yet there are no reports of using them during Ramadan. Recently, glycemic therapeutic options for diabetes have expanded, with the introduction of new However, the practical management of diabetes in Ramadan is made on an individual basis; newer pharmacological agents have lesser hypoglycemic potential and may have specific advantages. Similarly, insulin pump therapy may provide greater safety in the Ramadan setting [1] . In our study, treatment based dual therapy was observed in (31,1%) of cases and monotherapy in (22,8%) of cases, the main families are represented by biguanides (44,5%) followed by sulfonylureas (39,2%). The main types of insulin is long acting analog Insulin (51.9%) followed by unspecified insulin (19,1%).
The newer sulfonylureas gliclazide MR and glimepride can be safely used during Ramadan, but glibenclamide should be avoided because of the increased risk of hypoglycemia. Administration of the long-acting insulin (glargine and detemir); or the premixed insulin analogues has shown potential benefit in selected patients with T1DM and T2DM diabetes. The insulin pump can potentially empower patients with diabetes to safe fasting during the month of Ramadan. Clinical trials are needed in order to further evaluate the safety and efficacy of new hypoglycemic agents and new diabetes-treating technologies during Ramadan.
Finally a review of available medical literature indicates that fasting in Ramadan is safe and probably beneficial with proper education and good management for the majority of persons suffering from diabetes [14] . This is so especially for type 2 diabetics. Healthy, stable and well informed type-1 diabetics are also able to fast safely but need to be supervised and managed with greater care and strict attention to their diet, daily activities, glycemic control, and insulin dosage adjustments. So that, Careful and individual evaluation and open discussions are key measures for ensuring patient safety during the fasting of Ramadan [15] . The physician is duty-bound to support diabetic individuals before and through Ramadan to enable safe fasting. Patients who insist on fasting need to be aware of the associated risks and be ready to adhere to the recommendations of their healthcare providers to achieve a safer fasting experience.
Conclusion
As a conclusion, in this real life study we observe a good tolerability and safety of fasting Ramadan in diabetic patients. Recently, glycemic therapeutic options for diabetes have expanded, with the introduction of new therapeutic agents and new technologies. Some of these have been used during Ramadan and have shown potential therapeutic benefit. Further clinical trials are needed to evaluate the safety and efficacy of new antidiabetic agents and new diabetes-related technologies during Ramadan. Furthermore, patients who insist on fasting need to adhere to the recommendations of their healthcare providers to achieve a safer fasting experience.
